re

iino (LI
LA-UR -77-2872

TITLE: 2.-05 X 10° AGE OF THE OKLO URANIUM DEPOSIT

 Cowvrmsa--a.

AUTHOR(S): A. J. Gancarz

SUBMITTED TO: Technical Committee Meeting on
Natural Fission Reactors, December 19-21, 1977
Paris, France.

NOTICE
This mpurt wes prepared @ an sccount of work
spansored by the Unitad States Government. Neither the
Usiwd States nor the United States Department of

Hebility or ibility for Y.

or veefciness of any PP product o¢
proces discioted, of repressuta that its e would mot
iafrings privately owned rights.

By acceptance of this article for publication, the
publisher recognizes the Government's (license) rights
in any copyright and the Government and its authorized
/ representatives have unrestricted right to reproduce in

whole or in part said article under any copyright
( secured by the publisher.

publisher identify this article as work performed under

: The Los Alamos Scientific Laboratory requests that the
) the auspices of the USERDA.

los alamos
scientific laboratory

of the University of California
LOS ALAMOS, NEW MEXICO * 7545

An Affirmative Action/Equal Opportunity Employer

DISTRIBUTION OF THIS DOCUMENT I1s UNLIMITED

Form Ne. & JUNITED STATES

St N, 96520 ENFRGY RESEARCH AND

Vea DEVELOPMENT ADMINISTRATION
CONTRACT W.7405-ENG. 36


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


TECHNICAL COMMITTEE MEETING ON NATURAL FISSION REACTORS
December 19-21, 1977

Paris, France

9

2.05 X 10 YEAR U-Pb AGE OF THE OKLO URANIUM DEPOSIT*

A. J. Gancarz

‘University of California
Los Alamos Scientific Laboratory
Los Alamos, New Mexico 87545 U.S.A.

ABSTRACT

U and Pb isotopic data on samples (10 to 100 gram) 2 to 10 m away from
the borders of the Oklo reactor zohes indicate a primary age of 2.05 x 19°
years for the Oklo deposit and a secondary age of 0.375 x 10% years. Al
samples show effects of Pb loss; the average loss is 50%. Both the U-Pb and
Pb isotopic data are consistent with a model of a primary 2.05 x 10° year age
of the deposit, continuous volume diffusion of Pb from uraninite, and either
continuous or recent loss of this Pb. In this case the 0.375 x 10° year age
is an artifact without time significance. Using an average value of D/a?

3.5 x 107! a”! (Cowan, this conference) this model explains the apparent 1.8
x 10° year Pb age observed by other workers. From the Z°8Pb/2°¢ph data our
average U/Th value calculated for the Oklo deposit is ~ 100,

*work performed under the auspices of the U.S. Energy Research and Develop-
ment Administration.



INTRODUCTION

The determination of age of the Oklo uranium deposit and the time when
portions of this deposit behaved as a natural uranium fission reactor both
have been the subject of a number of investigations. Weber and Bonhomme [1]
summarized the Rb-Sr and K-Ar isotopic data and the geologic relationships,
many of which appear to remain poorly defined. In general, isotopic data on
rocks of the Franceville series to which the Oklo uranium deposit belongs
yield ages of ~ 1.8 x 10% years, whereas isotopic data on igneous and meta-
morphic rocks marginal to the sedimentary Franceville basin indicate that the
age of deposition could be as great as 2.2 x 10Y years. The K-Ar data on
dolerite samples [11 yield ages of ~ 0.85 x 10° years which they suggest is
the time of intrusion of these dolerites into the Franceville series and also
yield ages of ~ 0.50 x 10° years which they suggest is the time of faulting
and folding of the series.

U and Pb jsotopic data reported by Lancelot et al. [2] do not yield a
well-defined age, although these authors suggest an age of 1.75 x 10° years.
Similarly, Devillers et al. [3] reported U and Pb isotopic data which do not
{ggld a well-defined age and conclude that the age could be from 1.8 to 2.05 x

years.

Using data on the abundances of Nd, Sm, Ru, and Th isotopes produced in
the reactor, Devillers et al. [3] deduced an age of 2 x 10® years for the
reactor. Cowan et al. T4] modeled the reactor by assuming the reactor oper-
ated during the period of U deposition and bx varying the accretion rate
calculated ages ranging from 1.8 to 2.1 x 10° years. Similarly, Bryant et al.
FS} using the different published thermal neutron capture cross sections on

“3Nd calculated ages of the reactor of 1.8 to 2.1 x 10° years. Ruffenach et
al. [6] have calculated from U fission data an age of 2.0 + 0.1 x 10° years
for the reactor.

In this report U and Pb isotopic data are presented on U ore samples
peripheral to the reactor zones. These samples are from 2 to 8 meters from
the borders of the reactor zones and were analyzed in an attempt to clarify
the age of the depusit and to see to what extent Pb of anomalous isotopic
composition produced from the U of anomalous isotopic composition has migrated
from within the reactor zones and deposited in these peripheral regions.

ANALYTICAL TECHNIQUES

Samples weighing from 10 tc 100 ¢ along with analyses of U concentrations
and U isotopic abundances were supplied thruugh the courtesy of R. Naudet of
the French Atomic Energy Commission. 2 to 10 mg aliquots were taken for the
Pb isotopic analyses. The samples were dissolved in a ‘'xture of HCl1 and
HNO3. This procedure does not dissolve silicate miner and in all cases the
silicate residue consisted primarily of quartz. Pb wa. separated using con-
ventional fon exchange techniques. U was separated from the sample using
Dowex 1-X8 (100-200 mesh) and eluting Pb with 10 N HC1, followed by an anion
exchange column Dowex 1-X8 (100-200 mesh) to separate Pb from the alkalis and
alkaline earths, and finally by a cation exchange column Dowex 50-X8 (100-

200 mesh) incorporating the techniques described by Tera and Wasserburg [7].
Pb was analyzed on an AVCO model 9100 mass spectrometer using the silica gel -
thermal fenization technique.



Pb concenirations were determined by X-ray fluorescence on 5 g aliquots
of the samples. '

ANALYTICAL RESULTS

The U and Pb concentration and isotopic data are presented in Table I.
The U concentrations vary by a factor of 10 as do the Pb concentrations, and
the Pb/U values range from 0.1 to 0.3. Al1 of the samples have "normal" U
isotopic abundances.

The Pb data are plotted on Figure 1. We have chosen to plot the data on
this 2°7pb/2°%Ph versus 2°*Pb/2°€pb r:presentation rather than the more con-
ventional 2°5Pb/2°“Pb versus %°7Pb/2°*Pb diagram because of the large 2°¢Pb/2°“Pb
values. For reference we have inciuded an insert on this figure on which
modern and primordial Pb isotopic abundances are plotted. The bar labelled
"Figure" represents the region in which the data plot. In general the data
define a linear array; the 1ine has a very steep slope indicating the presence
of extremely radiogenic "initial" Pb and it intersects the 2°7Pb/2°Eph axis at
a value corresponding to a time of 0.375 x 10° years. There is deviation of
the data about the line significantly outside of error, a point to which we
will subsequently return,. We note that these data are quite different from
those reBorted by Lancelot et al. [2] and Devillers et al. [3]. Our measured
206pp/2°%ph values range from 4000 to 9000 whereas those reported by Lancelot
et al. [2] on samples with normal U isotopic abundances range from 1000 to
5000 and those reported by Devillers et al. [3] range from only 1000 to 2000.
It is not clear whether the relatively low 2°¢Pb/2°*Pb values are due to large
laboratory contamination of the samples by these workers or if chere are large
amounts of 2°“Pb in the silicate minerals which thase workers dissolved and
we did not.

On a plot of 2°%pb/2°6pPh versus 29“Pb/2°¢Pb (not illustrated) the data
also define a good linear array. The colinearity of the data indicate that
all the samples have the same Th/U value. The steep slope of the 1ine again
Tndicates the presence of a very radiogenic "initial" Pb and the intersection
of the 1ine at the 2°8pb/298ph axis is consistent with an age of 0.375 x 10°
years.

The data corrected for common Pb using 2°®Pb/2°*Pb = 15.34 and
207pp/204ph = 15,57 are listed in Table TI. The * symhol indicates the cor-
rected data. These data are plotted on Figure 2 and with one exception form a
precise 1inear array whose lower intersection with cencordia is 0.375 x 10°
years. The upper intersection is 2.05 x 10° yeaws which we interpret as the
age of formation of the Oklo uranium deponit. This age of 2.05 x 10° years is
greater than the ~ 1.8 x 10° year age «f the Franceville series determined
from Rb-Sr isotopic data. It is also greacer than the U-Pb age presented by
Lancelot et al. FZ], but as noted earlier their data did not precisely define
an age. The age is, however, in agreement with the ages calculated by mod-
eling the reactor using rare earth element isotopic data [3,4,5].

The age of 0.375 x 10° years determined by the U-Pb data (Figure 2) is
the same as the age determined by the 2°7pPb-"05ph.29%ph data (Figure 1) and
is consistent with the 2°98pPb-296pb-294pPh data. The usual interpretation of
these U-Pb data is that 2.05 x 10° years is the primary age of the uranium
deposit and 0.375 x 10° years is the time of an episodic disturbance with Pb
isotopic homogenization and redistribution. A1l of the samples we analyzed



plot to the right of concordia indicating only Pb 1oss during the 0.375 x 10°

year "event". 1In Table II the fraction of Pb lost at this time (L) is tabu-

;aégd for each sample. The losses range from 20% to 80%; the average loss is
0%. !

From the J-Pb and Pb isotopic systematics we calculate for the Oklo
deposit at 0.375 x 10° years average values of 2°°Pb/2°*pb, 2°7Pb/2°“Pb, and
208pps204ph of 46, 500, and 3450, respectively. Assuming normal common Pb
isotopic abundances as the initial Pb at 2.05 x 10° yearss these Pb isotopic
abundances at 0.375 x 10° years correspond to an average 23°U/2°“Pb value
(calculated as today's equivalent) in the interval 2.05 to 0.375 x 10° years
of 11,000 (equivalent to U/Pb = 1500) and an average U/Th value of 60 which
corresponds to an enrichment of U relative to Th by a factor of ~ 250 compared
to the average U and Th abundances in rocks.

MNone of the isotogic data, heretofore, presented has indicated geologic
activity at 0.375 x 10° years which could be associated with Pb redistribu-
tion. Cowan [8] suggests that the extensive Pb loss observed throughout the
Oklo deposit is due to diffusion of Pb out of uraninite and subsequent trans-
port out of the deposit. Following the conventions established by Tilton [9]
the locus of points for values of D/a? (i.e. a time and temperature indepen-
dent value of the diffusion coefficient, D, and an effective grain radius, a)
and an initial age of 2.05 x 10° years intersects the concordia at 2.05 x 10°
years, passes through the colinear array of data points on Figure 2, and
curves to a sub-horizontal line at 2°7Pb™/2°6Pb™ = 0.09. Thus, 2.05 x 10°
years is the primary age and the age of 0.375 x 10° years is an artifact of
diffusion as a consequence of extending the linear portion of the diffusion
Tocus from 2°7pp*/2%6ph* = 0,13 to 0.09 to intersect corcordia. This age,
therefore, has no time significance.

The 1inear array which we observe could be produced if Pb diffused from
vraninite grains from 2.05 x 10° years until recently and recently various .
amounts of this Pb were removed from the system. The value of the 2°7gb*/2°5Pb
removed would be 0.15 (see Figure 2) and thus the maximum 2°7Pb™/2°6Pb™ observable
age (assuming one had a pure Pb sample) would be 2.2 x 10° years and using the
value of D/a? = 3.5 x 10 ! a™! (Cowan [8]) the average 2°7Pb*/2°6ph* age
would be 1.8 x 10° years which is that observed by Lancelot et al. [2] and
Devillers et al. [3%.

We also note that samples which at 2.05 x 10° years had the same value of
238y/29%ph will as a consequence of diffusion form a linear array on a
207ph/206ph versus 2°%Pb/2%¢pPh plot which extrapolates to a 2°7Pb/2%%Ph value
corresnonding to an age of 0.375 x 10° years. The mixture then of 2°“Pb-rich
Pb from silicate minerals with the Pb remaining in the uraninite grains would
produce a scatter of data pcints which on the 2°7Pb/?°¢Pb versus 2°*Pb/2¢6Ph
diagram would converge to 1 = 0,375 x 10? years. This may explain the scatter
in our data array (Figure 1) and the even greater scatter when we plot the Pb
isotopic data of Lancelot et al. [2] and Devillers et al. [3] and also explain
the relatively 2°“Pb-rich nature of the samples analyzed by these coworkers.

From our samples which exhibit the least Pb loss we calculate an average
U/Th for the Oklo deposit of ~ 100, This value is consistent with the esti-
mate of Naudet [10].



In summary it appears that the exp]anat1on of our data in terms of a

volume diffusion model explains why 0.375 x 10° years is not an age indicated
by other isotopic data, explains the ~ 1.8 x 10° year age observed by other
workers and explains how Pb is lost from the deposit.
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FIGURE 2: U and Pb isotopic data |
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TABLE I

OKLO PERIPHERAL SAMPLES: U-Pb DATA

sample NE.2 U WE.% Pb pojy  23By/2%y 0%y 2000, 207py 206y, 20%py 20y,
N 270 between Zones 1 & 2 13.3  1.9:0.2 14 138.1 0.00850+1  0.10851¢4  0.000180:1
CO 2252 ~3.2  0.62+0.06 19 137.9  0.01270:1  0.12099+2  0.000256:]
N 258 peripheral to ~2 0.27:0.03 14 138.0  0.00773:12  0.10291:5  0.000140+3
H 266 Zones 5 & G 8.5  2.7:0.3 .32 137.8  0.00769t2  0.12645:3  0.000167+3
N 244 2.7 0.83:0.08 31 137.8  0.00877¢1  0.11887+2  0.000198]
N 255 5.3 0.98:0.10 18 137.9  0.01030t1  0.11310:6  0.000219:2
N 268 ~.3 0.3440.03 .26 135.0  0.01006¢1  0.12117¢3  0.000206%1
N 224 peripheral to 3.0 0.3040.03 10 138.1 0.00522¢1 - 0.09369:2  0.0001121
N 236 Zones 3 & 4 1.5 0.41:0.06 .27 138.9  0.01061t1  0.12630¢2  0.00(.19:1
N 241 15 m S. Zone 4 8.3 1.4:0.1 19 137.9  0.00591:3  0.10760¢3  0.000115:]



\"l“""' TABLE 11

{

KN 270 6.74 0.10600 0.72
SCO 2252 5.05 0.11747 0.56
KN 258 7.09 0.10095 0.74
KN 266 3.15 0.12417 0.18
KN 244 3.16 0.11614 0.18
KN 255 5.24 0.11006 0.58
KN 268 3.84 0.11834 0.36
KN 224 9.43 0.09210 0.85
KN 236 3.59 0.12336 0.30
KN 243 5.69 0.10600 0.63



FIGURE CAPTIONS

FIGURE 1:
The data for samples peripheral to the Oklo reactor zones are

plotted on this 207Pb/ZOGPb versus 204Pb/zost diagram. The linear

207

array extrapolates to the Pb/206Pb axis at a point cnrresponding

9

to 0.375 x 107 years. The age is calculated using A(238U)=0.155125 X

10670 a7 and A(235y)=0.08485 x 1079 571,

FIGURE 2:

U and Pb isotopic data for samples peripheral to the Oklo reactor

238

zones. The concordia curve is calculated using A("" U)=0.155125 x

107 a1 and A(?%%U)=0.98485 x 10°% a~!. The data define a linear
array whose upper intersection with concordia is 2.05 x 109 years which

we interpret as the primary age of the deposit.



